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Description 

Background of the Invention 



[0001] The present invention relates to a method of 
fabricating a tubular member having a variation in cir- 
cumference or diameter along its length member used 
in constructing vehicle frames. More specifically, the 
present invention relates to structural members that are 
fabricated using hydroforming which are generally tubu- 
lar and vary significantly in circumference, gage, or 
cross section along their lengths. 
[0002] In many instances, it is necessary to create 
structural members such as frames or mounting com- 
ponents to provide overall supportto other devices. This 
is particularly true in the manufacture and assembly of 
vehicles such as automobiles, trucks, sport utility vehi- 
cles and the like. Such a vehicle frame is shown in U.S. 
Patent No. 5,149,132 entitled "Split Rear Truck Frame" 
which is assigned to the assignee of the present inven- 
tion and is incorporated herein by reference. Another ex- 
ample of such a truck frame and its related mounting 
structures can be found in U.S. Patent No. 5,308,115 
entitled "Vehicle Frame With Overlapped Sections", al- 
so assigned to the assignee of the present invention and 
incorporated herein by reference. 
[0003] A vehicle is assembled, at least in part, by con- 
structing a frame and attaching components to the 
frame. Vehicle components may include the engine cra- 
dle, the suspension system, body panels, control arms, 
rear box load, cab, brake and fluid lines, and the like. 
The frame typically includes two generally parallel, 
spaced-apart side rails which run substantially the 
length of the vehicle. Cross-members span the distance 
between the side rails. Vehicle components are at- 
tached to the frame directly such as by bolting, riveting, 
or welding, or indirectly through brackets or other 
mounting structure. 

[0004] Typically, components of these frames and 
structural members are manufactured by stamping plate 
steel onto desired configurations. These stamping or 
manufacturing operations require the use of very large 
presses which impart large amounts of force to a work 
piece. In the stamping operation, plate steel is first cut 
or formed Into blanks of a predetermined configuration. 
The blanks are then placed within a press and are 
stamped or formed into a desired shape. For example, 
long pieces or blanks can be stamped into a C-shaped 
beam or rail. This configuration is then capable of pro- 
viding greater strength when supporting or handling 
loads. 

[0005] While stamping operations can produce com- 
ponents and parts in an economical fashion, several 
drawbacks exist. Most significantly, when stamping oc- 
curs, repeatability and consistency among parts is not 
always achieved. When metal is pressed Into a desired 
shape, it tends to have an elastic characteristic causing 
the part to "spring back" somewhat. This spring-back 



characteristic is difficult to predict and Is not necessarily 
repeatable. Consequently, high repeatability of stamped 
components Is difficult. 

[0006] Stamping operations also create inconsisten- 
s cies in the work hardening of parts. More specifically, 
the part is "hardened" at the bend points, whereas the 
remaining portions of the part are generally unaffected. 
This results in inconsistencies in material characteristics 
throughout the part which can complicate the predicta- 
10 bllity of the performance of the part, 

[0007] The configuration of parts Is somewhat limited 
by stamping and bending operations. Complex parts 
having complicated geometries cannot always be fabri- 
cated due to limitations in the stamping process. Even 
'5 when it is possible to fabricate a complex part, many 
separate stamping and bending operations are required 
to achieve the desired configuration, thus increasing 
costs. 

[0008] A number of the parts of the frame or its com- 

20 ponents are preferably formed by generally tubular 
members. Tubular members are advantageous be- 
cause they provide strength without excessive weight 
and cost and because they can easily accommodate at- 
tachment to other parts. To create tubular members and 

25 other complex geometries in a part using a stamping 
process, numerous individual portions of the part are 
typically stamped and then welded together. However, 
this welding process is farfrom ideal. Welding of numer- 
ous components requires the use of several holding or 

30 welding fixtures to configure the parts appropriately. 
Further, during the actual welding process, distortion is 
created dueto heating and cooling of the parts. This dis- 
tortion is very hard to control and is not necessarily re- 
peatable, thus creating inconsistencies between com- 

35 ponents. 

[0009] Mass production of stamped parts also tends 
to be expensive. Multiple tools are required to manufac- 
ture multiple parts. Each of these tools must be consist- 
ently designed and manufactured. The use of multiple 

40 tools complicates the manufacturing process and adds 
costs to the product. An additional process sometimes 
used for fabricating structural components is hydrofor- 
ming. In the hydroforming process, a unformed part or 
tube is placed in a die. The interior of the tube is then 

« pressurised causing the tube to expand to meet the in- 
terior surface of the die. By carefully configuring the die 
to meet the part configuration desired, tubular parts can 
thus be manufactured. 

[0010] As is well known, the hydroforming is some- 
50 what limited. Specifically, where wide variations in 
cross-section are required for the finished part, hydro- 
forming does not provide a feasible method for manu- 
facturing. These variations require expansion of the un- 
formed tube at a rate or level that is typically beyond 
55 acceptable levels. Therefore, this process is not easily 
utilised to fabricate such parts. 
[0011] The present invention uses a much different 
manufacturing process to formulate parts for use as var- 
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ious structural assemblers (e.g. brackets, frames, etc.). 
The process is adapted to produce consistent parts 
which are repeatable and consistent because little 
stamping and welding are used. Further, the present in- 
vention uses the process which forms tubular members 
having significant variations in their circumference or di- 
ameter along their length. 'Tubular" as sued throughout 
shall describe a member that has wall that completely 
or substantially circumscribes an interior space, regard- 
less of the circumferential or peripheral shape of the 
member. 

[0012] According to this invention there is provided a 
method of fabricating a tubular member having a varia- 
tion in circumference or diameter along its length com- 
prising the steps of providing a blank of a predetermined 
shape, forming the blank into an unformed tube having 
a cross-section area that varies along its length, joining 
mating edges of the blank, placing the unformed tube 
within an interior cavity in a forming die, wherein the 
forming die has a predetermined interior surface forming 
the interior cavity, closing the forming die to enclose the 
unformed tube, introducing a high pressure fluid to the 
interior cavity of the unformed tube, the high pressure 
fluid being of sufficient pressure so as to cause the un- 
formed tube to expand so as to come in contact with the 
walls of the interior cavity, thus forming a formed tube 
having a configuration similar to that of the interior cav- 
ity. 

[0013] Conveniently the method initially comprises 
the step of after closing the forming die and prior to in- 
troducing a high pressure fluid, positioning a pressure 
ram adjacent the forming die such that a pressure open- 
ing in the pressure ram is in communication with an in- 
terior cavity of the unformed tube. 
[001 4] Advantageously the method further comprises 
the provision of a second pressure ram adjacent the 
forming die such that a pressure opening the second 
pressure ram is in communication with an interior cavity 
of the unformed tube, wherein the pressure ram and the 
second pressure ram co-operate to achieve the step of 
introducing high pressure fluid to the interior of the un- 
formed tube. 

[0015] Preferably the method comprises the step of 
stamping a blank from a sheet of material to obtain the 
blank of a predetermined shape. 
[0016] Preferably said tube forming step yields, a 
formed tube having a cross-sectional area that varies 
more than ten percent along its length. 
[0017] Conveniently the wall thickness of the un- 
formed tube is uniform along its length and wherein the 
wall thickness of the formed tube is substantially uniform 
along its length, 

[0018] Advantageously said unformed tube is frusto- 
conical in shape. 

[0019] Conveniently said formed tube is generally 
frusto-conical In shape. 

[0020] Advantageously a portion of said formed tube 
is cylindrical in shape and a portion of said formed tube 



is frusto-conical In shape, said cylindrical and frusto- 
conical portions being continuous with one another. 
[0021 ] Preferably said formed tube includes a portion 
having a diameter more than 1 0 percent largerthan the 
s smallest diameter of said unformed tube. 

[0022] Conveniently said formed tube includes a por- 
tion having a cross-sectional area more than 1 0 percent 
larger than the smallest cross-sectional area of said un- 
formed tube. 

w [0023] In the process of the present invention, tubular 
members are manufactured using a pressurising proc- 
ess known as hydroforming. Typically, the process be- 
gins with a simple tube cut to a desired length. This pre- 
formed tube is selected to have a diameter that is ap- 

'5 proximately equal to the smallest diameter of the fin- 
ished tube shape. The tube is then placed into a hydro- 
forming die which is configured to completely enclose 
the tube. Once placed within the hydroforming die, a flu- 
id is presented and pressurised within the tube thus 

20 causing expansion of a portion or all of the tube. Finally, 
the formed tube is removed from the die and is cut to 
the desired length. 

[0024] The ability of a tube to expand under hydrofor- 
ming depends upon many factors, including the material 

25 used, the wall thickness, the specific hydroforming proc- 
ess used, and the strength required in the resulting part. 
Typically, a metal tube is able to expand some reason- 
able amount across its diameter during the hydroform- 
ing process. Greater expansion can result in weak or 

so thin walls in the resulting formed tube. Also, the resulting 
formed tube can have a fairly complex shape. That 
shape is limited, however, so having relatively small var- 
iations in diameter along its length if the preformed tube 
is cylindrical. That is, since the preformed tube must 

35 have a diameter approximately equal to the smallest di- 
ameter of the desired finished tube, and since the tube 
is only able to expand some reasonable amount, the re- 
sulting tube can have only limited variations in diameter 
between its smallest portion and its largest portion. In 

40 many applications, this variation is limited to changes of 
only ten percent or less. 

[0025] To form a part that has significant variation in 
its circumference, variations in cross-sectional area, 
variations in gage along its length, or variations in diam- 

•*5 eter along its length, the present invention starts by 
forming a non-cylindrical metal tube. This non-cylindri- 
cal tube Is formed by first stamping a blank from a sheet 
of material. The blank has a shape which, when rolled 
or formed so that its longitudinal edges meet, forms "a 

so tube" having a varied diameter or circumference along 
Its length. In one example configuration, a blank shaped 
like a truncated pie wedge is rolled or formed to form a 
frusto-conical shaped preformed tube. The resulting 
preformed conical tube can then be expanded by about 

55 ten percent at any desired points along its length, result- 
ing in a finished formed tube that can have variations In 
diameter that exceed ten percent. In other words, by 
starting with a preformed tube that approximately mir- 
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rorsthe desired resulting shape, the hydroforming proc- 
ess can be used to create relatively complexly shaped 
parts that have significant variations in their diameter or 
circumference along their length. 
[0026] The process of hydroforming is capable of bet- 
ter repeatability and precision in the configuration of the 
formed product. Consequently, a much more repeatable 
and efficient process is created. During the process, the 
metal tube is fully yielded to the configuration of the die. 
This eliminates the spring-back that Is typically encoun- 
tered in the stamping process. Further, because a more 
complex die can be used, the need for welding is sub- 
stantially reduced and/or eliminated. Because little 
welding is used, the associated distortions are not en- 
countered. 

[0027] In orderthat the invention may be more readily 
understood, and so that further features thereof may be 
appreciated, the invention will now be described, by way 
of example, with reference to the accompanying draw- 
ings in which: 

FIGURE 1 is atop elevational view of a blank used 
to form a preformed tube according to the process 
of the present invention, 

FIGURE 2 is a side elevational view of a preformed 
tube formed by bending, rolling or otherwise 
processing the blank of Figure 1 so that its longitu- 
dinal edges meet in accordance with the process of 
the present invention, 

FIGURE 3 is an exploded view showing the hydro- 
forming die and the preformed tube in the die's open 
position, 

FIGURE 4 is a side elevational view of a formed 
tube formed according to the process of the present 
invention, 

FIGURE 5 shows an alternate shape for a pre- 
formed blank to be used in the process according 
to the present invention, and 

FIGURE 6 shows an alternate shape for a pre- 
formed tube for use in a process according to the 
present invention, 

[0028] In the drawings, like numerals are used 
throughout to identify corresponding elements through 
several views. 

[0029] The drawings constitute a part of the Specifi- 
cation and illustrate preferred embodiments of the 
present invention. It will be understood that in some in- 
stances, relative component and material thicknesses 
may be shown exaggerated to facilitate explanation. 
[0030] The process of manufacturing a formed tubular 
member 10, like that illustrated in Figure 4, begins with 
a blank 15 that is stamped from a sheet of metal, such 
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as steel, aluminum or alloy, or other appropriate mate- 
rial. The blank illustrated In Figure 1 is roughly shaped 
like a truncated pie wedge, with one end 1 6 being gen- 
erally smaller in width than the opposite end 17. The 

5 blank 1 5 is generally planar and has opposite longitudi- 
nal edges 1 9 and 20. The blank 1 5 tapers gradually from 
its small end 16 to its larger end 17. The longitudinal 
edges 1 9 and 20 become mating edges when the blank 
15 is formed about its longitudinal axis in a manner 

10 known in the art. For example, a 3 or 4 roll rolling ma- 
chine can be used to roll blank 15 such that edges 19 
and 20 meet. 

[0031] Once the blank 15 has been formed into the 
desired "tube" shape, as illustrated in Figure 2, the mat- 
's ing edges 1 9 and 20 are welded together by a method 
known in the art that is suitable for the material of the 
tube, such as gas metal arc welding, high frequency 
welding, mash seam welding, orthe like. The preformed 
tube 25 is generally frusto-conical shaped, tapering from 
20 a portion 28 with a small diameter to an end 29 with a 
larger diameter. The preformed tube 25 generally con- 
sists of a wall 30 which circumscribes an interior space 
31. 

[0032] Next, the preformed tube 25 is placed In a hy- 
25 droforming die 35 as illustrated in Figure 3. The tube 25 
is an appropriate length to fit within the hydroforming die 
35. The lower half 37 and the upper half 39 of the hy- 
droforming die 35 are then closed about the preformed 
tube 25. Both ends of the hydroforming die 35 are con- 
so figured to have a circular opening to accommodate the 
insertion of a first ram 40 or a second ram 41. In one 
embodiment of the invention, two rams 40 and 41 are 
used, one positioned at each end of the hydroforming 
die 35. In this embodiment, the first ram 40 is inserted 
35 into the opening of the hydroforming die 35 and a fluid 
is injected via central orifice 45. This fluid causes all air 
to be flushed out of the tubular member 25. Next, while 
this fluid is still flowing, second ram 41 is inserted into 
the opposite end of the hydroforming die 35. The hydro- 
40 forming die 35 and the first and second rams 40 and 41 
create a closed chamber which will accommodate a high 
pressure cycle. 

[0033] The fluid is pressurized to high pressure, caus- 
ing the circular tube to expand until it meets an interior 

45 wall 50 of the die. Once this process is complete, the 
pressure is removed and the rams 40 and 41 are with- 
drawn, thereby allowing the formed tube to be removed. 
To remove the formed tube, the upper and lower halves 
of the die 37 and 39 are separated, thus opening the die 

so 35. 

[0034] As noted above, the die 35 of Figure 3 includes 
upper and lower halves 39 and 37. In another embodi- 
ment of the present invention, die 35 is made up of nu- 
merous sections. For example, die 35 could be config- 
55 ured to have fourseparate sections, top, bottom and two 
side members. The use of a multi-piece die in this em- 
bodiment is better adapted to accommodate the remov- 
al of a formed tube. More specifically, certain configura- 
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tions of formed tubes maytendto become lodged In sec- 
tions of die 30. By using multiple sections to form die 35, 
this lodging or sticking can be avoided. Additionally, in- 
dependent manipulation of each die section will in- 
crease flexibility during the manufacturing process, 
[0035] Figure 4 illustrates a formed tube 55 made 
from the blank illustrated in Figure 1. The formed tube 
55 includes one or more protrusions 60 in its outer pe- 
ripheral surface. Generally, the shape of the formed tube 
55 tapers from its larger end 63 to its smaller end 62. 
The shape of the formed tube 55 depicted In Fig. 4 is 
illustrative of the formed tubes that can be formed by the 
process of the present invention. It will be understood 
that the shape of a formed tube is dependent upon the 
shape of the interior wall of the die 35 which in turn is 
determined by the desired configuration of the resulting 
part. For example, a finished formed tube made accord- 
ing to the process described can be generally rectangu- 
lar in cross-section, rather than generally circular in 
cross-section. 

[0036] By using a preformed non-cylindrical tube in 
the hydroforming process, it is possible to achieve var- 
iations in the diameter of the finished tube that can ex- 
ceed ten percent or whatever amount could otherwise 
have been achieved under the same conditions with a 
cylindrical tube. Further, greater consistency in the 
thickness of the wall of the finished tube can be achieved 
by starting with a preformed tube that generally or 
roughly parallels or mirrors the desired shape of the fin- 
ished tube. Alternatively, the thickness, or gage, of the 
wall can be more closely controlled using the performed 
non-cylindrical tube described above. Consequently 
variations in thickness can be easily achieved. 
[0037] Figures 5 and 6 show alternate examples of 
shapes for blanks to be used in the process described 
above. Figure 5 shows a blank 65 that has a first gen- 
erally rectangular portion 66 adjoining a second bulging 
portion 67which in turn adjoins another rectangular sec- 
tion 68. Blank 65 has mating edges 69 and 70 which 
mate when the blank 65 is formed to form a generally 
tubular member. 

[0038] Figure 6 shows a blank 71 having a generally 
rectangular portion 72 adjoining a tapering portion 73. 
Blank 71 has opposite longitudinal edges 74 and 75 
which mate when the blank 71 is rolled into a generally 
tubular member. 

[0039] Various parameters can be used for the pres- 
surizing operation of the present invention. For exam- 
ple, various pressure levels can be used depending up- 
on the materials and configurations being obtained. The 
actual pressure levels used fall typically between 5,000 
psi and 30,000 psi. The invention is not intended to be 
limited to this pressure range, however. 
[0040] The hydroforming process has numerous ad- 
vantages, including the elimination of many deficiencies 
and downfalls of previous manufacturing processes. As 
can be seen from the above description, each formed 
tube has been pressurized to match the shape and con- 



figuration of the interior die walls 50. Consequently, 
each product will be repeatable and consistent as the 
same die will be used repeatedly. 
[0041] It is to be understood that even though numer- 

s ous characteristics and advantages of the preferred em- 
bodiments of the present invention have been set forth 
in the foregoing description, together with details of the 
structure and function of the invention, the disclosure is 
illustrative only, and the present Invention may be em- 

10 bodied in a variety of forms within the principles of the 
Invention to the full extent indicated by the broad general 
meaning of the terms in which the appended claims are 
expressed. The above descriptions, therefore, are not 
to be interpreted as limiting, but rather as a basis forthe 

'5 claims and as a basis forteaching persons skilled in the 
art the invention, which is defined by the appended 
claims. 

[0042] From the foregoing it will be appreciated that 
the preferred embodiment of the invention is a process 

2" for manufacturing and forming tubular members in a re- 
peatable and consistent manner. This repeatability and 
consistency is achieved through the use of the hydro- 
forming process. It is to be understood that the preferred 
embodiment of the invention is a process of manufac- 

25 turing and forming tubular members having a signifi- 
cance variation in circumference or diameter along their 
length. It is to be appreciated that in one embodiment, 
the invention provides a process for manufacturing a 
part which has variations in gage along the length of a 

30 part. 

[0043] A preferred embodiment of the invention is a 
process for manufacturing and forming tubular mem- 
bers having a diameter variation greater than 1 0 percent 
along their length. Preferred embodiments of the inven- 

35 tion reduce fabrication costs in the creation of structural 
components. The preferred method of the invention may 
be used to produce repeatable, consistent parts. 
[0044] In the present Specification "comprise" means 
"includes or consists of and "comprising" means "in- 

^0 eluding or consisting of. 



Claims 

45 1 . A method of fabricating a tubular member having a 
variation in circumference or diameter along its 
length comprising the steps of providing a blank 
(15) of a predetermined shape, forming the blank 
into an unformed tube having a cross-section area 

so that varies along its length, joining mating edges 
(19, 20) of the blank, placing the unformed tube 
within an interior cavity In a forming die (25), where- 
in the forming die has a predetermined interior sur- 
face forming the interior cavity, closing the forming 

55 die to enclose the unformed tube, introducing a high 
pressure fluid to the Interior cavity of the unformed 
tube, the high pressure fluid being of sufficient pres- 
sure so as to cause the unformed tube to expand 
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so as to come in contact with the walls of the interior 
cavity, thus forming a formed tube having a config- 
uration similar to that of the interior cavity. 

2. A method according to Claim 1 further comprising 5 
the step of after closing the forming die and prior to 
introducing a high pressure fluid, positioning a pres- 
sure ram (40) adjacent the forming die such that a 
pressure opening in the pressure ram is in commu- 
nication with an interior cavity of the unformed tube. io 

3. A method according to Claim 2 further comprising 
the provision of a second pressure ram (41) adja- 
cent the forming die such that a pressure opening 
the second pressure ram is in communication with w 
an interior cavity of the unformed tube, wherein the 
pressure ram and the second pressure ram co-op- 
erate to achieve the step of introducing high pres- 
sure fluid to the Interior of the unformed tube. 

20 

4. A method according to any one of the preceding 
Claims, the step of stamping a blank from a sheet 
of material to obtain the blank (15) of a predeter- 
mined shape. 

25 

5. A method according to any one of the preceding 
Claims wherein the forming die has a plurality of 
components (37, 39) each of which are independ- 
ently positionable to form the interior cavity. 

30 

6. A method according to any one of the preceding 
Claims wherein said tube forming step yields a 
formed tube having a cross-sectional area that var- 
ies more than 1 0 percent along its length. 

35 

7. A method according to any one of the preceding 
Claims wherein the wall thickness of the unformed 
tube is uniform along its length and wherein the wall 
thickness of the formed tube is substantially uniform 
along its length. 40 

8. A method according to any one of the preceding 
Claims wherein said unformed tube isfrusto-conical 
in shape. 

45 

9. A method according to any one of the preceding 
Claims wherein said formed tube is generally frusto- 
conlcal in shape. 

10. A method according to any one of Claims 1 to 7 so 
wherein a portion of said formed tube Is cylindrical 

in shape and a portion of said formed tube is frusto- 
conical in shape, said cylindrical and frusto-conical 
portions being continuous with one another. 

55 

11. A method according to any one of the preceding 
Claims wherein said formed tube includes a portion 
having a diameter more than 1 0 percent larger than 



the smallest diameter of said unformed tube. 

12. A method according to any one of the preceding 
Claims wherein said formed tube includes a portion 
having a cross-sectional area more than 1 0 percent 
largerthan the smallest cross-sectional area of said 
unformed tube. 



PatentansprOche 

1 . Verfahren zur Herstellung eines rohrformigen Bau- 
teils mit einer Variation im Umfang oder Durchmes- 
ser entlang seiner Lange, welches die Schritte um- 
faSt, daB ein Rohling (15) mit einer vorbestimmten 
Gestalt bereitgestellt wird, der Rohling zu einem 
nicht-ausgeformten Rohr mit einer Querschnittsfla- 
che ausgebildet wlrd, die entlang seiner Lange va- 
riiert, zusammenpassende Kanten (19, 20) des 
Rohlings verbunden werden, das nicht-ausgeform- 
te Rohr in einen Innenhohlraum einer Ausfor- 
mungsform (25) gegeben wird, wobei die Ausfor- 
mungsform eine vorbestimmte InnenflSche besitzt, 
die den Innenhohlraum bildet, die Ausformungs- 
form geschlossen wird, urn das nicht-ausgeformte 
Rohrzu umschlieBen, ein Hochdruckfluid in den In- 
nenhohlraum des nicht-ausgeformten Rohres ein- 
gebracht wird, wobei das Hochdruckfluid geniigend 
Druckaufweist, urn zu bewirken, daB das nicht-aus- 
geformte Rohr sich so aufweitet, daB es in Kontakt 
mit den Wanden des Innenhohlraums kommt, wo- 
durch ein ausgeformtes Rohr in einer Konfiguration 
gebildet wird, die ahnlich ist zu derjenigen des In- 
nenhohlraums. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zelchnet, daB es weiter den Schritt umfaBt, daB 
nach dem SchlieBen der Ausformungsform und vor 
dem Einbringen eines Hochdruckfluids, ein 
Pressstempel (40) benachbart zur Ausformungs- 
form positioniert wird, so daB eine Druckoffnung im 
Pressstempel in Verbindung mit einem Innenhohl- 
raum des nicht-ausgeformten Rohres steht. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB es weiter die Bereitstellung eines 
zweiten Pressstempels (41 ) benachbart zur Ausfor- 
mungsform umfaBt, so daB eine Druckoffnung des 
zweiten Pressstempels in Verbindung mit einem In- 
nenhohlraum des nicht-ausgeformten Rohres 
steht, wobei der Pressstempel und der zwelte 
Pressstempel zusammenwirken, urn den Schritt 
des Einbringens von Hochdruckfluid in das Innere 
des nicht-ausgeformten Rohres zu bewirken. 

4. Verfahren nach einem der vorangehenden Anspru- 
che, gekennzeichnet durch den Schritt des Aus- 
stanzens eines Rohlings aus einer Materlalplatte, 
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urn den Rohling (15) mit einer vorbestimmten Ge- 
stalt zu erhalten. 

5. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, daB die Ausfor- 
mungsform eine Mehrzahl von Komponenten (37, 
39) aufweist, von denen jede unabhanglg positio- 
nierbar ist, um den Innenhohlraum zu bilden. 

6. Verfahren nach einem der vorangehenden Ansprii- 
che, dadurch gekennzeichnet, daB besagter 
Rohrausformungsschritt ein ausgeformtes Rohrmit 
einer Querschnittsf lache liefert, die um mehr als 1 0 
Prozent entlang seiner Lange variiert. 

7. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, daB die Wanddik- 
ke des nicht-ausgeformten Rohres gleichformig 
entlang seiner Lange isi und daB die Wanddicke 
des ausgeformten Rohres im wesentlichen gleich- 
formig entlang seiner Lange ist. 

8. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, daB besagtes 
nicht-ausgeformte Rohr kegelstumpfformig ist. 

9. Verfahren nach einem der vorangehenden Ansprii- 
che, dadurch gekennzeichnet, daB besagtes aus- 
geformte Rohr im allgemeinen kegelstumpfformig 



10. Verfahren nach einem der Anspriiche 1 bis 7, da- 
durch gekennzeichnet, daB ein Abschnitt besag- 
ten ausgeformten Rohres zylinderformig ist und ein 
Abschnitt besagten ausgeformten Rohres kegel- 
stumpff6rmlg Ist, wobei besagte zylinderformige 
und kegelstumpfformige Abschnitte kontinuierlich 
ineinander ubergehen. 



diametre le long de sa longueur, comprenant les 
etapes consistent a prevoir un flanc (15) d'une for- 
me predeterminee, a former le flanc en un tube non 
forme presentant une surface en section transver- 

s sale qui varie le long de sa longueur, a joindre les 
bords conjugues (19, 20) du flanc, a placer le tube 
non forme a I'interieur d'une cavite interne dans une 
matrice de formage (25), qui presents une surface 
interne predeterminee formant la cavite interne, a 

'o fermer la matrice de formage pour enfermer le tube 
non forme, a Introdulre un fluide sous haute pres- 
slon dans la cavite interne du tube non forme, le 
fluide sous haute pression etant a une pression suf- 
fisante pour amener le tube non forme a se dilater 

'5 de facon a venir en contact avec les parois de la 
cavite interne, formant ainsi un tube forme presen- 
tant une configuration similaire a celle de la cavite 
interne. 

2" 2. Procede selon la revendication 1 , comprenant de 
plus I'etape consistant, apres avoir ferme la matrice 
de formage et avant d'introduire un fluide sous hau- 
te pression, a positionner un fouloir de presse (40) 
adjacent a la matrice de formage de facon qu'une 

25 ouveiture de pression dans le fouloir de presse soit 
en communication avec une cavite interne du tube 
non forme. 

3. Procede selon la revendication 2, comprenant de 
30 plus la fourniture d'un deuxieme fouloir de presse 
(41) adjacent a la matrice de formage de facon 
qu'une ouverture de pression dans le deuxieme fou- 
loir de presse soit en communication avec une ca- 
vite interne du tube non forme, dans lequel le fouloir 
35 de presse et le deuxieme fouloir de presse coope- 
rent pour effectuer I'etape consistant a introduire le 
fluide sous haute pression a I'interieur du tube non 
forme. 



11 . Verfahren nach einem der vorangehenden Ansprii- 
che, dadurch gekennzeichnet, daB besagtes aus- 
geformte Rohr einen Abschnitt mit einem Durch- 
messereinschlieBt, der mehr als 10 Prozent groBei 
ist als der kleinste Durchmesser besagten nicht- 
ausgeformten Rohres. 

12. Verfahren nach einem der vorangehenden AnsprQ- 
che, dadurch gekennzeichnet, daB besagtes aus- 
geformte Rohr einen Abschnitt mit einer Quer- 
schnittsf lache einschiieSt, die mehr als 10 Prozent 
groBer ist als die kleinste Querschnittsflache be- 
sagten nicht-ausgeformten Rohres. 



Revendicatlons 



1 . Procede de fabrication d'un element tubulaire pre- 
sentant une variation de sa circonference ou de son 



Procede selon I'unequelconque des revendications 
precedentes, comprenant de plus I'etape consistant 
a emboutir un flanc a partir d'une t6le de materiau 
pour obtenir le flanc (15) d'une forme predetermi- 



5. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la matrice de formage 
comporte une pluralite de composants (37, 39) dont 
chacun peut etre positionne independamment pour 
former la cavite Interne. 

6. Procede selon I'une quelconque des revendications 
precedentes, dans lequel ladite etape de formage 
du tube prodult un tube forme presentant une sur- 
face en section transversale qui varie de plus de 1 0 
pour cent le long de sa longueur. 

7. Procede selon I'une quelconque des revendications 
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precedentes, dans lequel I'epaisseur de paroi du tu- 
be non forme est uniforme le long de sa longueur 
et dans lequel I'epaisseur de paroi du tube forme 
est sensiblement uniforme le long de sa longueur. 

8. Precede seion I'une quelconque des revendications 
precedentes, dans lequel ledit tube non forme est 
de forme tronconique. 

9. Precede selon I'une quelconque des revendications 
precedentes, dans lequel ledit tube forme est de for- 
me generate tronconique. 

10. Precede selon I'une quelconque des revendications 
1 a 7, dans lequel une partie dudit tube forme est 
de forme cylindrique et une partie dudit tube forme 
est de forme tronconique, lesdites parties cylindri- 
que et tronconique 6tant continues I'une avec 



1 1 . Precede selon I'une quelconque des revendications 
precedentes, dans lequel ledit tube forme com- 
prend une partie presentant un diametre superieur 
de plus de 1 0 pour cent au plus petit diametre dudit 
tube non forme. 

12. Precede selon I'une quelconque des revendications 
precedentes, dans lequel ledit tube forme com- 
prend une partie presentant une surface en section 
transversale superieure de plus de 10 pour cent a 
la plus petite surface en section transversale dudit 
tube non forme. 
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